Abstract. Several epidemiologic studies have shown the association between total leukocyte count and the risk of developing myocardial infarction. The purpose of this study was to assess the association between the total leukocyte and neutrophil counts and risk factors of ischemic heart disease in 1,384 Japanese factory workers. Total leukocyte and neutrophil counts were significantly higher in current smokers than in non-smokers. Among current smokers, the total leukocyte and neutrophil counts were positively associated with the number of cigarettes smoked daily and the duration of cigarette smoking and alcohol consumption. Being independent of smoking habit, the total leukocyte and neutrophil counts were also related to several characteristics recorded at the physical examinations. The total leukocyte and neutrophil counts were positively associated with serum total cholesterol, serum triglyceride and hematocrit levels, and inversely associated with the serum HDL-cholesterol level. No significant associations of the total leukocyte or neutrophil counts were found with the red blood cell count and hemoglobin level. These results suggest that the total leukocyte and neutrophil counts may represent the metabolic condition with a high coronary risk among apparently healthy people.
Introduction
Since Friedman et al. (1974) reported that the total leukocyte count was a significant predictor of myocardial infarction, several studies have shown direct associations between the total leukocyte count and death from all causes (de Labry LO et al., 1990) , the incidence and mortality of ischemic heart disease (IHD) , and cerebral infarction .
The significance of these findings, however,remains uncertain. Although leukocytes may influence the development of ischemia or atherosclerosis and subsequent cardiovascular disease through various mechanisms (Ernst et al., 1987) , a high leukocyte count can result from (rather than cause) a vascular injury (Stuart et al., 1981) or be a correlate of various IHD risk factors. Many evidences, however, have indicated that at least part of the increased risk associated with a high leukocyte count is independent of cigarette smoking and other risk factors (Phillips et al., 1992; Kannel et al., 1992) . If a high total leukocyte count is an independent risk factor for IHD, then it is also important to discriminate among the roles of various leukocyte cell types. found a significant relationship of IHD incidences only to the neutrophil and eosinophil counts.
The purpose of this cross-sectional study was to examine the relationship between neutrophil count and several IHD risk factors in clinically healthy men working at factories in Japan in order to clarify the significance of the leukocyte count as an independent predictor of IHD risk.
Methods

Study population
The study population consisted entirely of men who worked at a defined worksite, a chemical plant in Osaka, Japan. The age of the subjects ranged from 20 to 59 at the time of the health examination in 1996. A total of 1,396 men were enrolled in the recruitment phase, corresponding to a total eligible population of 2,077. This was 67.2% of the eligible population of 2,077.
Recruitment phase survey methods
The study was conducted by a team of investigators who received the same training at the Osaka Prefectural College of Health Science, Habikino, Japan. A standard core protocol was used and all hematological tests were conducted at a single laboratory.
The subjects were requested to attend a morning clinic, where a standard medical examination was conducted and each individual's height, weight and blood pressure were recorded. A fasting blood sample was collected with the application of minimal venous constriction (n=1,384).
All the subjects were asked to respond to a selfadministered questionnaire concerning their smoking habits and alcohol consumption. Categories of tobacco use were defined as follows: Current smokers (subjects who smoked at the time of the interview); non-smokers (those with no smoking history); and ex-smokers (those who had smoked habitually but stopped at least one month ago).
Laboratory methods
To measure the total leukocyte and neutrophil counts, each blood sample was immediately placed in a specimen tube containing K2EDTA. The total leukocyte and neutrophil counts were measured by using an automated cell counter (Coulter-made S-plus; Coulter Electronics, Hialeah, FL, USA). The counts were recorded for all 1,384 men.
At least 5% of the samples sent to the laboratory were unidentifiable split-sample duplicates. The coefficients of variance for these blind duplicates were 2% for total leukocyte counts and 3% for neutrophil counts.
The blood samples were also used for the analysis of the following serum contents: serum total cholesterol, triglyceride, HDL-cholesterol levels, red blood cell count, hemoglobin content, and hematocrit. 
Statistical methods
The statistical analyses were conducted by using the SPSS 6.1 J computer program. Differences in the total leukocyte and neutrophil counts and IHD risk factors were analyzed by 1-way analysis of variance. ; and 160 subjects (11.6%) showed a systolic and/or diastolic blood pressure over 160/95 mmHg. The distribution of the leukocyte counts was approximately normal. The mean ± S.D. of total leukocyte and neutrophil counts were 6,593 ± 49/µl and 3,733 ± 37/µl, respectively. Total leukocyte and neutrophil counts were significantly higher in current smokers than in nonsmokers (Fig. 1) . Table 2 shows total leukocyte and neutrophil counts according to smoking and drinking habits. Among current smokers, the total leukocyte and neutrophil counts were positively associated with the number of cigarettes smoked per day. The mean count was 1,295/µl higher among those who smoked at least 20 cigarettes per day than for those who smoked fewer than 10 cigarettes per day. A positive association was also found with the duration of cigarette smoking and that of alcohol consumption. Among ex-and non-smokers, on the other hand, there was no correlation between the total leukocyte and neutrophil counts and smoking or drinking.
Results
Total leukocyte counts was also related to several characteristics recorded at the physical examinations, independent of smoking status (Table 3) . Among current smokers, the total leukocyte counts was statistically significant associated with the body mass index and systolic blood pressure in 20-29 years group and with only systolic blood pressure in 30 years over group. Among ex-smokers, body mass index and systolic and diastolic blood pressure were statistically significant associated with the total leukocyte counts in 30 years over group. Among non-smokers, body mass index and systolic blood pressure were statistically significant associated with the total leukocyte counts in all age groups. Table 4 shows neutrophil counts by smoking status and various characteristics data. Neutrophil counts was not statistically significant associated with the results of several characteristics data except body mass index. Table 5 shows total leukocyte by smoking status and laboratory data. Among current smokers, total leukocyte count was associated with the results of several laboratory data. Total leukocyte count was positively associated with the total cholesterol, triglyceride, red blood cell count, hemoglobin, hematocrit levels and were inversely associated with serum HDL-cholesterol level. Among ex-smokers, total leukocyte was not statistically significant associated with laboratory data. Among nonsmokers, total leukocyte counts was statistically significant associated with only red blood cell count in 20-29 years group, and with HDL-cholesterol, red blood cell count and hemoglobin in 30 years over group. Table 6 shows neutrophil counts by smoking status and laboratory data. Among current smokers, neutrophil counts was statistically significant associated with the red blood cell counts and hemoglobin in 20-29 years group and with serum HDL-cholesterol level in 30 years over group. Among ex-and non-smokers, neutrophil counts was not statistically significant associated with laboratory data except hemoglobin.
Discussion
Several epidemiological and clinical investigations have suggested the role of the total leukocyte count in the natural history of IHD. Friedman et al. (1990) and Hansen et al.(1990) have reported some evidences on the relationship between the total leukocyte count and cardiovascular risk factors. concluded that the neutrophil count was associated with IHD. Targher et al. (1996) reported in their study on the relationship between the neutrophil count and several IHD risk factors in a random sample of clinically healthy men, that the increased neutrophil count is a predictor of subsequent myocardial infarction and re-infarction. There also appears to be a correlation between the leukocyte count and the severity of coronary artery disease as assessed by coronary angiography. Partly due to their deformability and large size relative to the microcirculation, neutrophil counts contribute significantly to the rheological properties of blood. They also interact with the vascular endothelium and may generate highly reactive, toxic oxygen free radical species through activations, and release cationic proteins and neutral proteases, such as lysozyme and neutrophil elastase. The latter, a marker of neutrophil activation, has been implicated in vascular endothelial damage as well as the progression of atherosclerotic disease (Jackson et al., 1992) .
Our data indicated a positive correlation between cigarette smoking and the total leukocyte and neutrophil counts, which coincided with the reports by others (Yeung et al., 1984; Targher et al., 1996) . Positive correlation with the dose and duration of cigarette smoking were also noted. Smoking increases the total leukocyte count and activates neutrophil in the peripheral blood even among teenagers or those who have been smoking for only a short period (Tell et al., 1985) . Although the acute effects of cigarette smoking may be mediated by norepinephrine, there may also be a chronic effect due to inflammation or bone marrow stimulation (Tell et al., 1985) . There were no differences in the total leukocyte and neutrophil counts between non-smokers and those who have quit smoking. This seems to differ from the data reported in other studies (e.g., Burr et al., 1992) in which the smoking effect on the leukocyte count was persistent. This disagreement might be explained by the fact that the data were pooled from all the ex-smokers, disregarding the time that has elapsed following smoking cessation by individuals (due to the lack of reliable information on the date of smoking cessation by many subjects).
In contrast to these relationships, the associations between alcohol consumption and the total leukocyte count have been inconsistent, with little or no association shown by some reports (e.g., Neito et al., 1992) or an inverse association demonstrated by others (e.g., Hansen et al., 1990) .
In this study, the total leukocyte and neutrophil counts were also associated with the duration of alcohol consumption. Our results suggest that these differences may be at least in part due to confounding by smoking. In animal studies, heavy alcohol consumption is followed by a substantial decrease in the leukocyte count, primarily due to a decrease in the number of lymphocytes (Kanwar et al., 1992) .
The total leukocyte and neutrophil counts are associated with systolic blood pressure and the body mass index. Although the associations with blood pressure may be secondary to increased activity of the sympathetic nervous system, it can also be considered that a high leukocyte count directly increases the peripheral resistance by impeding the blood flow through the capillaries (Ernst et al., 1987) .
Among the laboratory parameters, serum lipids were associated with the total leukocyte and neutrophil counts. It has also been suggested (Facchini et al., 1992) that the relationship between the leukocyte count and the levels of lipids and other metabolic risk factors may reflect an underlying association with insulin resistance, with hyperinsulinemia possibly leading to a subclinical vascular injury, which in turn could result in an elevated leukocyte count. It is also conceivable that the leukocyte count may have a more direct role in increasing lipid levels. An increased leukocyte count in rabbits was observed in diet-induced hypercholesterolemia of only one week's duration (Feldman et al., 1991) , suggesting that cholesterol may influence either the production of leukocytes in the bone marrow or leukocyte kinetics in the circulation.
Our data show that a high leukocyte count represents the metabolic condition with a high risk for cardiovascular diseases.
A relationship between leukocytes and lipoproteins has already been shown (Dinerman and Mehata, 1990) . In recent investigations,it has been shown that neutrophil are associated with an accentuated chemotactic activity in hypercholesterolemic patients, compared with subjects who have a normal cholesterol concentration. Hammerschmidt et al. (1981) have shown in vitro that cholesterol has a complementdependent capability of aggregating granulocytes. Ludwig et al. (1982) have suggested that the neutrophil from hyperlipidemic subjects display higher oxidative metabolism with a greater release of superoxide anions than those from the age-matched controls with normal lipoprotein levels. The release of superoxide anions appears to be significantly correlated with the serum cholesterol and LDL-cholesterol levels. In addition, some eicosanoids can be released in higher concentrations by stimulated human leukocytes in the presence of lipoproteins.
The total leukocyte and neutrophil counts were significantly related to various hematologic characteristics: previous studies reported the associations between platelet count, hemoglobin level, fibrinogen level, hematocrit, and plasma viscosity (Nieto et al., 1992; Tell et al., 1985) . These laboratory tests may produce different results if there was a nonspecific stress response to tissue injury (Stuart et al., 1981) but there may be a shared regulatory mechanism. For example, heavy alcohol consumption can influence not only the leukocyte count, but also the red blood cell count, the erythrocyte sedimentation rate, hematocrit, and hemoglobin content (Kanwar et al., 1992) . Furthermore, diet-induced hypercholesterolemia quickly increases both leukocyte and platelet counts (Feldman et al., 1991) .
This study elucidated to some extent the association between the total leukocyte and neutrophil counts and major IHD risk factors in Japanese men. Further followup or intervention studies are required to understand the role of leukocytes in circulatory diseases.
